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(57) [Abstract] 

[Technical problem] The ZnO system crystal excellent in the optical 
property is offered. 

[Means for Solution] It is the approach of growing up an II-VI group' s 
semiconducting crystal on a substrate, and the process which performs 
predetermined pretreatment at (a) substrate front face, and the process 
which grows an II-VI group' s semiconducting crystal in respect of the 
polarity of II group atom on the front face of the (b) aforementioned 
substrate are included. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The growth approach of a semiconducting crystal including the 



process which is the approach of growing up an II-VI group' s 
semiconducting crystal, and performs predetermined pretreatment on (a) 
substrate front face on a substrate, and the process which grows an II- 
VI group' s semiconducting crystal in respect of the polarity of II group 
atom on the front face of the (b) aforementioned substrate. 
[Claim 2] The aforementioned (a) process is the growth approach of a 
semiconducting crystal including the process which performs substrate 
processing so that an II-VI group' s semiconducting crystal may grow in 
respect of the polarity of II group atom in the aforementioned (b) 
process according to claim 1. 

[Claim 3] For said VI group atom, said II group atom is the growth 
approach of the semiconducting crystal containing 0 according to claim 1 
or 2 including Zn. 

[Claim 4] The aforementioned (a) process is the growth approach of a 
semiconducting crystal given in any 1 term to claims 1-3 including the 
process which heat-treats silicon on sapphire in a reducibility (a-1) 
gas ambient atmosphere. 

[Claim 5] The aforementioned (a-1) process is the growth approach of a 
semiconducting crystal including the process which heat-treats silicon 
on sapphire at the temperature of 850 degrees C or more in reducibility 
gas according to claim 4. 

[Claim 6] The aforementioned (a-1) process is the growth approach of a 
semiconducting crystal including the process which heat-treats silicon 
on sapphire in a hydrogen gas ambient atmosphere according to claim 4 or 
5. 

[Claim 7] The aforementioned (a-1) process is the growth approach of a 
semiconducting crystal including the process which heat-treats silicon 
on sapphire in the hydrogen ambient atmosphere of the shape of an atom 
which carried out cracking of the hydrogen gas and formed it according 
to claim 6. 

[Claim 8] The temperature which heat-treats said silicon on sapphire is 
the growth approach of a semiconducting crystal given in any 1 term to 
claims 4-7 which are temperature higher than the crystal growth 
temperature in the growth process of said II-VI group' s semiconducting 
crystal. 

[Claim 9] The growth approach of a semiconducting crystal including the 
process which is the approach of growing up an II-VI group' s 
semiconducting crystal, and performs predetermined pretreatment on (a) 
SiC substrate front face on a SiC substrate, and the process which grows 
an II-VI group semiconducting crystal in respect of the polarity of II 
group atom on the front face of a (b) aforementioned SiC substrate. 



[Claim 10] The aforementioned (a) process is the growth approach of a 
semiconducting crystal including the process which performs substrate 
processing so that an II-VI group's semiconducting crystal may grow in 
respect of the polarity of II group atom in the aforementioned (b) 
process according to claim 9. 

[Claim 11] For said VI group atom, said II group atom is the growth 
approach of the semiconducting crystal containing 0 according to claim 9 
or 10 including Zn. 

[Claim 12] The aforementioned (a) process is the growth approach of a 
semiconducting crystal given in any 1 term to claims 9-11 including the 
process which heat-treats said SiC substrate in a oxidizing gas (a-1) 
ambient atmosphere, 

[Claim 13] the aforementioned (a-1) process — oxygen (a-1-1) and N2 — 
the growth approach of a semiconducting crystal including the process 
which was chosen from from among the oxidizing gas groups which consist 
of 0, NOX, and ozone and which heat-treats in any one sort of gas 
ambient atmospheres at least according to claim 12. 
[Claim 14] The temperature which heat-treats said SiC substrate is the 
growth approach of a semiconducting crystal given in any 1 term to 
claims 9-13 which are temperature higher than the crystal growth 
temperature in the growth process of said II-VI group' s semiconducting 
crystal. 

[Claim 15] The aforementioned (a-1-1) process is the growth approach of 
a semiconducting crystal using at least one sort of approaches chosen 
from from among the groups which consist of RF plasma treatment method, 
an ECR plasma treatment method, and the heat-treating method using the 
heat generated from a filament to claim 13 including the process heat- 
treated using the oxygen of the shape of an atom which carries out 
cracking of said oxidizing gas, and forms it, or 14. 
[Claim 16] Process for which the ZnO single crystal substrate which 
makes a) (0001) (+C side) a principal plane is prepared (b) The growth 
approach of a semiconducting crystal including the process which grows 
an II-VI group semiconducting crystal on said principal plane. 
[Claim 17] RF-MBE which supplies the aforementioned (b) process by the 
plasma which excited VI group atom by RF ~ the growth approach of a 
semiconducting crystal given in any 1 term to claims 1-16 including the 
process which grows an II-VI group semiconducting crystal by law. 
[Claim 18] The OPTO semiconductor device which has a substrate and a 
barrier layer containing the II-VI group semiconducting crystal layer 
which grew in respect of the polarity of II group atom on this substrate. 
[Claim 19] The laminating which is characterized by providing the 



■ following and which is formed on a substrate and this substrate and 
contains an II-VI group semiconducting crystal layer The 1st cladding 
layer which has the 1st conductivity type The barrier layer formed on 
this 1st cladding layer Either at least is the laminating of the 
semiconducting crystal layers which constitute said laminating which 
grew in respect of II group polarity including the 2nd cladding layer 
which is formed on this barrier layer and has the 2nd conductivity type 
of a conductivity type opposite to said 1st conductivity type. The 1st 
and 2nd electrodes electrically connected with said 1st cladding layer 
and said 2nd cladding layer, respectively 

[Claim 20] Said II-VI group semiconducting crystal layer is an OPTO 
semiconductor device according to claim 18 or 19 which is a ZnO system 
semiconducting crystal layer. 

[Claim 21] the aforementioned (b) process — MBE — law or MOCVD — the 
growth approach of a semiconducting crystal given in any 1 term to 
claims 1-16 including the process which grows an II-VI group 
semiconducting crystal using law. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to a ZnO 
system crystal, its growth approach, and the optical semiconductor 
device using it about a semiconducting crystal and its growth approach. 
[0002] 

[Description of the Prior Art] the crystal of a ZnO system ~ RF-MBE - 
it is made to grow up on a substrate using law (alias name RS (radical 
source) -MBE law) or the laser ablation method As a substrate, silicon < 



sapphire, ScAlMg04 substrate, or a ZnO substrate is used, for example. 
[0003] 

[Problem (s) to be Solved by the Invention] By the way, many centers non- 
emitting light exist during the ZnO crystal which grew by the 
conventional approach. If an optical semiconductor device is 
manufactured using a ZnO crystal with many centers non-emitting light, a 
problem will arise in an optical property. In addition, in case the 
impurity for giving conductivity to a ZnO crystal is doped, the rate of 
activation of an impurity is not good. It is necessary to supply many 
objects for impurities by under growth for example, and growth on high 
vacuum conditions becomes difficult, or problems, like good crystal 
growth becomes difficult arise. 

[0004] The purpose of this invention is growing up a good II-VI group 
crystal with few centers non-emitting light. Furthermore, it aims at 
raising the rate of activation of the impurity under II-VI group crystal. 
[0005] 

[Means for Solving the Problem] According to one viewpoint of this 
invention, it is the approach of growing up an II-VI group' s 
semiconducting crystal on a substrate, and the growth approach of a 
semiconducting crystal including the process which performs 
predetermined pretreatment at (a) substrate front face, and the process 
which grows an II-VI group' s semiconducting crystal in respect of the 
polarity of II group atom on the front face of the (b) aforementioned 
substrate is offered. 

[0006] According to other viewpoints of this invention, the OPTO 
semiconductor device which has a substrate and the II-VI group 
semiconducting crystal layer which grew in respect of the polarity of II 
group atom on this substrate is offered. 

[0007] The 1st cladding layer which is a laminating which according to 
still more nearly another viewpoint of this invention is formed on a 
substrate and this substrate and contains an II-VI group semiconducting 
crystal layer, and has the 1st conductivity type, It is formed on the 
barrier layer formed on this 1st cladding layer, and this barrier layer. 
The laminating of the semiconducting crystal layers which constitute 
said laminating including the 2nd cladding layer which has the 2nd 
conductivity type of a conductivity type opposite to said 1st 
conductivity type where either at' least grew in respect of II group 
polarity. The OPTO semiconductor device which has the 1st and 2nd 
electrodes electrically connected with said 1st cladding layer and said 
2nd cladding layer, respectively is offered. 

[0008] Especially the semi-conductor layer that constitutes the above- 



mentioned OPTO semiconductor device has few centers non-emitting light, 
and its doping effectiveness is good. Therefore, the OPTO semiconductor 
device is excellent in the optical property. 
[0009] 

[Embodiment of the Invention] Below, from drawing 1 to drawing 3 is 
referred to and explained about the semi-conductor growth technique by 
the gestalt of operation of the 1st of this invention. 
[0010] Drawing 1 is drawing showing the outline structure of the crystal 
growth equipment by the RF-MBE method, the ZnO layer in which drawing 2 
grew up to be up to silicon on sapphire — being related — CAICISS — 
it is the spectrograph which shows the measurement result measured by 
law (Coaxial Impact Collision Ion ScatteringSpectroscopy) , and a 
simulation result. Drawing 3 is a spectrograph which shows the 
measurement result of PL emission spectrum measurement of a ZnO crystal. 
[0011] drawing 1 ~ as an example of II-VI group compound semiconductor 
crystal growth equipment — RF molecular-beam epitaxy (RF-MBE) — the 
crystal growth equipment (henceforth "RF-MBE equipment'') using law is 
shown. 

[0012] RF-MBE equipment A contains the chamber 1 to which crystal growth 
is performed, and vacuum pump P which maintains a chamber 1 at an ultra- 
high-vacuum condition, A chamber 1 includes the port 11 for Zn for 
evaporating Zn, the port 21 for Mg for evaporating Mg, 0 radical port 31 
for irradiating 0 radical, and N radical port 41 for irradiating N 
radical. 

[0013] The port 11 for Zn is equipped with heating, and Knudsen cell 
(Knudsen cell: call it the following K cel.) 17 and shutter SI to 
evaporate while it holds the Zn (purity of 7Ns) raw material 15. 
[0014] The port 21 for Mg is equipped with heating, and Knudsen cell 
(Knudsen cell: call it the following K cel.) 27 and shutter S2 to 
evaporate while it holds the Mg raw material 25. 

[0015] 0 radical port 31 introduces the oxygen gas which is material gas 
in an electrodeless discharge lamp, and spouts 0 radical generated using 
high frequency (13. 56MHz) in the MBE chamber 1. The orifice 33 and the 
shutter S3 are formed to the beam of 0 radical. 

[0016] N radical port 41 introduces the nitrogen gas which is material 
gas in an electrodeless discharge lamp, and spouts N radical generated 
using high frequency (13, 56MHz) in the MBE chamber 1. Shutter S4 is 
prepared to the beam of N radical. 

[0017] It is the structure where the induction coil is wound around the 
outside of the discharge tube prepared within outside shielding as 
structure of the radical ports 31 and 41. 



[0018] In the chamber 1, the substrate electrode holder 3 holding 
silicon-on-sapphire S used as the substrate of crystal growth and heater 
3a for heating the substrate electrode holder 3 are prepared. The 
temperature of silicon-on-sapphire S is measurable by the thermocouple 5. 
The location of the substrate electrode holder 3 is movable by the 
manipulator 7 which used bellows. 

[0019] A chamber 1 contains the gun 51 of a reflective high energy 
electron beam DI contact sense non-isolated (RHEED equipment) 
established in order to carry out monitoring of the grown-up crystal 
layer, and the screen 55 of RHEED equipment. It can grow up using the 
gun 51 of RHEED equipment, and the screen 55 of RHEED equipment, 
carrying out monitoring of the situation (an amount of growth, grown-up 
quality of a crystal layer) of the crystal growth within MBE equipment A. 
[0020] The temperature of crystal growth, the thickness of the crystal 
growth film, the degree of vacuum in a chamber, etc. are suitably 
controlled by the control unit C. crystal growth ~ a shutter SI to S4 - 
- suitably — opening and closing ~ RF-MBE ~ it carries out by law. 
[0021] RF is used as an approach of generating the radical source. 0 
radical is generated using 13. 56MHz high frequency by introducing 02 
which is material gas in an electrodeless discharge lamp. For example, 
it becomes 0 radical beam by making 0 radical blow off in the MBE 
chamber 1 of a high vacuum condition. A ZnO thin film can be grown up by 
irradiating 0 radical beam and Zn beam from K eel on si licon-on- sapphire 
S at coincidence. What is necessary is just to irradiate N radical beam 
similarly, when doping N as an impurity. 

[0022] Below, ZnO is explained on Substrate S at a detail about the 
process which grows. Predetermined pretreatment is performed to silicon 
on sapphire. First, an organic solvent washes silicon on sapphire. 
Subsequently, phosphoric acid and a sulfuric acid are mixed at a rate of 
1:3, and wet processing of the silicon on sapphire during 30 minutes is 
carried out into the mixed solution heated at 110 degrees C. Then, 
silicon on sapphire is attached in the substrate electrode holder in a 
chamber, and the inside of a chamber is made into the high vacuum of 10- 
lOTorr (1.33x10 to 8 Fa). After changing the inside of a chamber into a 
high vacuum condition, it heat-treats at the temperature higher than 
subsequent growth temperature in reducing gas, for example, hydrogen gas, 
for example, 1000 degrees C, about 30 minutes. 

[0023] Subsequently, substrate temperature is lowered to predetermined 
growth temperature, for example, 600 degrees C, Zn beam and 0 radical 
beam are irradiated at a substrate, and ZnO crystal growth is started. 
The ZnO layer of predetermined thickness is grown up. In case a MgZnO 



layer is grown up, shutter S4 is also opened and Mg beam also irradiates 
a substrate. 

[0024] the ZnO crystal grown up according to the above-mentioned growth 
process — CAICISS — law estimated. 

[0025] Drawing 2 is drawing showing relation with theta (axis of 
abscissa) whenever [ signal strength / of the ZnO film measured by the 
CAICISS method / (axis of ordinate), and incident angle / of helium 
ion ]. It doubled and the count result based on simulation (theoretical 
count) was also shown in drawing 2 . The three three-dimension 2 atoms 
dispersion model (Three dimensional two-atom triple scattering model) 
was used for simulation. The simulation result shown in drawing 2 is as 
a result of [ about the ZnO layer which Zn polarity side exposed ] count. 
[0026] Drawing 2 shows that coincidence with a sufficient experimental 
result and a sufficient simulation result is shown. That is, it is 
thought that the ZnO layer which grew on the above-mentioned growth 
conditions is growing in respect of Zn polarity. It is thought that this 
result is extensible not only to a ZnO system crystal but other II-VI 
group semiconducting crystals. In addition, it is thought by limiting to 
the system which contains Zn as an II group element that it becomes easy 
to acquire the operation effectiveness of explaining below. 
[0027] When growing up the ZnO crystal on silicon on sapphire, it can 
decide whether grow up a ZnO crystal in respect of 0 polarity, or grow 
up in respect of Zn polarity according to the substrate processing 
conditions before growing up a ZnO system crystal. In a reducing gas 
ambient atmosphere, temperature higher than growth temperature and when 
it specifically heat-treats at the temperature of 800 degrees C or more, 
a ZnO crystal grows a silicon-on-sapphire front face in respect of Zn 
polarity on it. If it heat-treats, for example at temperature lower than 
the crystal growth temperature of 800 degrees C or less even if it is 
among reducing gas when a silicon-on-sapphire front face is heat-treated 
in ambient atmospheres other than reducing gas or, a ZnO crystal will 
grow in respect of 0 polarity on it. 

[0028] The above-mentioned substrate processing ambient atmosphere could 
also be made into reducibility gas ambient atmospheres which contain 
plasma-like hydrogen and atomic hydrogen in addition to hydrogen gas, 
such as an ambient atmosphere and NHS gas ambient atmosphere. Moreover, 
the II-VI group semiconducting crystal could also be grown up in respect 
of the polarity of II group atom containing Zn by forming an AIN buffer 
layer and Mg3N2 buffer layer on silicon on sapphire as substrate 
processing conditions. 

[0029] Next, the experiment for doping N as an impurity in a ZnO crystal 



layer was conducted. N impurity was doped by turning to silicon on 
sapphire N radical generated using N radical port 41, and irradiating it 
during growth of a ZnO crystal layer. 

[0030] In addition, ZnO crystal growth conducted two kinds of 
experiments so that it might grow up in either 0 polarity side or Zn 
polarity side, and it compared the ZnO crystal which grew in respect of 
0 polarity with the ZnO crystal characteristics which grew in respect of 
Zn polarity. As mentioned above, in order to make it grow up in respect 
of 0 polarity, 1000 degrees C and heat treatment for 30 minutes were 
performed in the high vacuum before ZnO crystal growth. 
[0031] As a result of measuring the high impurity concentration of N by 
high-impurity-concentration analysis, it turned out that the N high 
impurity concentration under ZnO crystal which grew in respect of Zn 
polarity is higher about double figures as the ZnO crystal which grew in 
respect of 0 polarity, and the ZnO crystal which grew in respect of Zn 
polarity. As N high impurity concentration under ZnO crystal which grew 
in respect of Zn polarity, the value of 1019cra-3 order is acquired, for 
example. 

[0032] About the ZnO crystal grown up in respect of Zn, and the ZnO 
crystal grown up in respect of 0 polarity, the optical property at the 
time of doping an impurity (N) is compared. 

[0033] Drawing 3 is drawing comparing and showing PL property at the 
time of doping N on the same conditions on silicon on sapphire about the 
ZnO crystal grown up in respect of Zn polarity, and the ZnO crystal 
grown up in respect of 0 polarity. The PL property of the N dope ZnO 
crystal into which silicon on sapphire was heat-treated in reducing gas, 
and was grown up in respect of Zn polarity, and the N dope ZnO crystal 
which 1000 degrees C and heat treatment for 30 minutes were performed 
[ crystal ], and grew up silicon on sapphire in respect of 0 polarity in 
the high vacuum before ZnO crystal growth was compared. PL measurement 
was performed by substrate temperature 4. 2K. 

[0034] As shown in drawing 3 , compared with PL reinforcement of the N 
dope ZnO crystal grown up in respect of 0 polarity, it turns out that PL 
reinforcement of the N dope ZnO crystal grown up in respect of Zn 
polarity is high about 8 times. This result showed that the optical 
property was superior to the ZnO crystal with which the direction of the 
ZnO crystal grown up in respect of Zn polarity grew in respect of 0 
polarity, even when N was doped as an impurity. As mentioned above, it 
is thought that these results are extensible to other II-VI group 
semiconducting crystals. 

[0035] In addition, according to the experiment of an artificer, if N is 



doped to the high concentration of 1019cm-3 order, the center non- 
emitting light increases according to a self-compensation effect, and it 
turns out that an optical property tends to deteriorate. If this point 
and the result of PL reinforcement are taken into consideration, the ZnO 
crystal which grew in respect of Zn polarity can say that the rate of 
activation of an impurity (N) is quite good as the ZnO crystal which 
grew in respect of Zn polarity, and the ZnO crystal which grew in 
respect of 0 polarity. That is, it can be said that the ZnO crystal 
which grew in respect of Zn polarity excels the ZnO crystal which grew 
in respect of 0 polarity in the optical property and the rate of 
activation of an impurity. 

[0036] As explained above, when the silicon-on-sapphire front face was 
processed so that a ZnO crystal might grow in respect of Zn polarity on 
it and the ZnO crystal was actually grown up in respect of Zn polarity 
after that, it turned out that the ZnO crystal excellent in the optical 
property can be grown up. 

[0037] Next, the semiconducting crystal by the gestalt of operation of 
the 2nd of this invention is explained. The gestalt of this operation 
grows a ZnO crystal on a hexagonal system SiC substrate. A SiC substrate 
uses the substrate which makes a field (0001) (+C side) a principal 
plane. Etching processing is performed to a SiC substrate front face 
using predetermined conditions. Then, a substrate is attached in RF-MBE 
equipment and substrate temperature is raised to predetermined substrate 
temperature, for example, 800 degrees C. Then, the shutter S3 of the 
oxygen plasma gun 31 is opened. Under the present circumstances, the 
flow rate of oxygen is set to 3sccm(s), and RF power is set to 300W. 
Although the required processing times differ, when substrate 
temperature is made into 800 degrees C with substrate temperature, for 
example, the processing time for 30 minutes or more is desirable. 
[0038] After terminating oxygenation, the temperature of a SiC substrate 
is lowered to predetermined temperature, for example, 600 degrees C, and 
a ZnO crystal layer is grown up. That is, as for ZnO crystal growth, it 
is desirable to carry out at temperature lower than the heat treatment 
temperature in the inside of an oxygen plasma ambient atmosphere. 
[0039] If the above-mentioned process is used, a ZnO crystal will grow 
in respect of Zn polarity. By making it grow up in respect of Zn 
polarity, a ZnO crystal shows a good optical property and the high rate 
of activation like the case of the serai-conductor growth technique by 
the gestalt of the above 1st and the 2nd implementation. 
[0040] In addition, inside [ it is the group which consists of oxygen 
gas, N20, NOX, and ozone as raw gas in front of ZnO crystal growth ] may 




choose and use any one or more kinds at least. You may heat-treat using 
the oxygen of the shape of an atom which carried out cracking of these 
oxidizing gases, and formed them. Under the present circumstances, what 
is necessary is just to carry out cracking of the oxidizing gas using 
the approach chosen from the inside of the RF method, the ECR method, 
and the heat-treating method using the heat of a filament etc. If a ZnO 
crystal is grown up after performing the above-mentioned processing, a 
ZnO crystal can be grown up in respect of Zn polarity. 
[0041] As mentioned above, if the semi-conductor growth technique by the 
gestalt of operation of the 2nd of this invention is used, a ZnO system 
crystal can be grown up in respect of the polarity of Zn on a SiC 
substrate. Therefore, the ZnO system crystal excellent in the optical 
property with few centers non-emitting light can be grown up. In 
addition, the rate of activation of an impurity can be made high. 
[0042] In addition, in the semiconducting crystal growth technique by 
the gestalt of the above 1st and the 2nd implementation, although the 
case where a ZnO system crystal was grown up on a SiC substrate or 
silicon on sapphire was made into the example and explained, if a ZnO 
crystal is grown up on a ZnO (0001) side (+C side), it is distinct that 
it can grow up in respect of Zn polarity, and the optical property of a 
ZnO system crystal layer can be improved. 

[0043] As mentioned above, as explained, in case a ZnO system crystal is 
grown up on a predetermined substrate, although the pretreatment 
conditions for growing up a ZnO system crystal in respect of Zn polarity 
change with classes of substrate to be used, if pretreatment conditions 
a ZnO system crystal grows up to be in respect of Zn polarity about each 
are chosen, they can actually grow a ZnO system crystal in respect of Zn 
polarity. 

[0044] Next, the optical semiconductor device by the gestalt of 
operation of the 3rd of this invention is explained with reference to 
drawing 4 . 

[0045] The crystallinity of the semiconducting crystal ingredient which 
constitutes optical semiconductor devices, such as LED (Light Emitting 
Diode) and LD (LaserDiode) , has serious effect for the electric property 
of an OPTO semiconductor device, an optical property, and the 
dependability (component life) of a component. Optical and electrical 
characteristics, and dependability of an OPTO semiconductor device 
become good, so that the crystallinity of the semiconducting crystal 
ingredient which constitutes an OPTO semiconductor device is good. 
[0046] First, processing to which a ZnO system crystal grows up to be a 
start substrate front face in respect of Zn polarity is performed, and 



if the ZnO system crystal layer which constitutes OPTO semiconductor 
device structure on it is grown up in respect of Zn polarity, an OPTO 
semiconductor device with a good optical property can be manufactured. 
[0047] The optical semiconductor device C shown in drawing 4 uses 
silicon on sapphire 51 as a start substrate. Temperature higher than 
growth temperature is heat-treated for the front face of silicon on 
sapphire 51 in reducing gas. Then, if a ZnO system crystal is grown up 
by the RF-MBE method, a ZnO system crystal will grow in respect of Zn 
polarity. 

[0048] In addition, in the gestalt of this operation, in order to raise 
the degree of freedom on the design of LED, the MgxZnl-xO layer was also 
grown up besides the ZnO layer as a ZnO system crystal. Into the RF-MBE 
equipment shown in drawing 1 , separately, a MgxZnl-xO layer can prepare 
the port of Mg and can grow by irradiating the beam of Zn, and 0 and Mg 
at a substrate. 

[0049] All the layers of the chamber internal pressure at the time of 
crystal growth are lxl0-5Torr (s) (1.33x10 to 3 Pa). 
[0050] The example of the growth temperature of each class, thickness, 
and a growth raw material is shown below. 

[0051] First, on silicon on sapphire 51, after performing pretreatment 
which becomes Zn polarity side, it lowers to growth temperature, for 
example, 600 degrees C. 

[0052] In addition, N is used as a dopant of n mold. 

[0053] On the MgO. 05Zn0. 950 buffer layer 53, the n-MgO. 33ZnO. 670 

cladding layer 55 is grown up and ranked second, and the MgO. 05ZnO. 950 

buffer layer 53 is grown up. As a cladding layer, a n-ZnO cladding layer 

may be formed further. A n-ZnO cladding layer may be inserted between 

the MgO. 05ZnO. 950 buffer layer 53 and the n-MgO. 33ZnO. 670 cladding layer 

55. 

[0054] Subsequently, the barrier layer 61 which has the multiplex 

quantum well structure of MgZnO/ZnO is grown up. The p-MgZnO cladding 

layer 63 is grown up on a barrier layer 61. The p-ZnO contact layer 65 

is grown up on the p-MgO. 33ZnO. 670 cladding layer 63. 

[0055] The laminated structure which grew, as mentioned above is 

processed. 

[0056] A barrier layer 61, a cladding layer 63, and a cladding layer 65 
are processed in the shape of an island, and form the island-like 
laminated structure SS 1. A part of front face of the n mold MgxZnl-xO 
cladding layer 65 is exposed. 

[0057] The side attachment wall of the island-like laminated structure 
SS 1 is covered with the side spacer insulator layer 71. Opening 72 is 



formed in the upper part of the side spacer insulator layer 71, and the 
front face of the p-ZnO contact layer 65 is exposed from opening 72. 
[0058] In addition, as a barrier layer 61, multiplex quantum well 
structures, such as ZnCdO/ZnO or MgZnCdO/MgZnCdO, can also be used 
besides the above-mentioned multiplex quantum well structure. 
[0059] The double hetero structure which sandwiched the barrier layer 61 
by the cladding layer 55 of n mold and the cladding layer 63 of p mold 
may be formed. In that case, the thickness of a barrier layer 61 is 10 
to lOOnm, for example. When forming multiplex quantum well structure, 
the well layer and the barrier layer are formed by turns. In this case, 
it is desirable that the thickness of the sum total of 1 well layer and 
one barrier layer is lOnm or less. However, as for the thickness of 1 
well layer, what is thinner than the thickness of one barrier layer is 
desirable. It is desirable to repeat this one unit a term 5 rounds from 
three periods by making these 1 well layers and one barrier layer into 
one unit. 

[0060] While forming the lower electrode 73 in contact with the n mold 
ZnO cladding layer 55, the up electrode 75 which has opening 72 in a 
light-receiving side is formed on the p mold ZnO contact layer 65. Thus, 
light emitting diode LED can be formed. Light emitting diode LED has few 
centers non-emitting light, in order that the crystal layer of a ZnO 
system, especially a barrier layer 61 may grow in respect of Zn polarity 
through the above-mentioned process. If the same amount of centers non- 
emitting light compares, since the amount of doping of an impurity can 
be increa'sed, the resistivity in the contact layer 65 can be lowered, 
for example, and the contact resistance between electrodes etc. can be 
reduced. 

[0061] Therefore, the optical property of LED can be raised. For example, 
it is applicable to short wavelength (blue from ultraviolet) LED and the 
various indicators using it, and a display. Furthermore, it is 
applicable to white LED and the luminaire using it, various indicators, 
a display, the back light of each indicator, etc. 

[0062] In addition, in the gestalt of this operation, although the case 
where LED was manufactured as an OPTO semiconductor device was made into 
the example and explained, in addition also when laser equipment etc. is 
formed, it cannot be overemphasized that an optical property can be 
raised. 

[0063] Moreover, the ZnO system OPTO semiconductor device same on the 
above-mentioned SiC substrate or the substrate which makes a ZnO (0001) 
side (+C side) a principal plane besides silicon on sapphire can be 
formed. 



[0064] furthermore ~ as the above-mentioned ZnO system crystal growth 
approach — RF-MBE — although law was illustrated ~ other MBE — Law 
MBE, for example, the gas source, ~ law may be used. Or the MOCVD 
method may be used, 

[0065] Especially, with the growth technique using the MOCVD method, 
substrate surface treatment is performed into H2 ambient atmosphere, and, 
subsequently, generally, the process which grows semiconducting crystals, 
such as an II-VI group, is used. Therefore, it is easy to carry out 
consecutive processing of a substrate surface treatment process and the 
crystal growth process into one MOCVD system. That is, the technique of 
pretreating a substrate using the MOCVD method and subsequently growing 
up an II-VI group semiconducting crystal is what is included by this 
invention, and can be said to be one of the leading techniques also in 
it. 

[0066] As mentioned above, although this invention was explained in 
accordance with the gestalt of operation, this invention is not 
restricted to these. Various process parameters of the conditions and 
others of crystal growth can also be chosen. In addition, it is obvious 
****** in this contractor for various modification, amelioration, 
combination, etc. to be possible. 
[0067] 

[Effect of the Invention] According to this invention, the ZnO system 
crystal excellent in the optical property can be grown up. Furthermore, 
the amount of doping of the impurity to an II-VI group semiconducting 
crystal can be made [ many ]. The optical semiconductor device excellent 
in the optical property can be manufactured using these II-VI group 
semiconducting crystals. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the sectional view showing the outline of the RF-MBE 
equipment used for the ZnO system crystal growth approach by the gestalt 
of operation of the 1st of this invention. 

[Drawing 2] It is the spectrograph which shows relation with theta (axis 
of abscissa) whenever [ signal strength / of the ZnO crystal measured by 
the CAICISS method / (axis of ordinate), and incident angle / of helium 
ion ]. The simulation result was also collectively shown in drawing 2 . 
[Drawing 3] It is the spectrograph which shows the result of the ZnO 
crystal which grew in respect of Zn polarity, the ZnO crystal which grew 
in respect of 0 polarity, and PL measurement in 4. 2K. 
[Drawing 4] It is the sectional view showing the structure of the LED 
equipment containing p-n junction DAODO using the ZnO system crystal by 
the gestalt of operation of the 3rd of this invention. 
[Description of Notations] 
A RF-MBE equipment 
P Vacuum pump 

I Chamber 

3 Substrate Electrode Holder 

3a Heater 

5 Thermocouple 

7 Manipulator 

II Port 11 for Zn 
21 Port for Mg 

31 0 Radical Port . 

41 N Radical Port 

17, 27, 47 Knudsen cell 

33 Orifice 

S Substrate 

51 Silicon on Sapphire 

53 MgO. 05ZnO. 950 Buffer Layer 

55 N-MgO. 33ZnO. 670 Cladding Layer 

61 Barrier Layer 

63 P-MgZnO Cladding Layer 

65 P-ZnO Contact Layer 

SSI Laminated structure 

71 Side Spacer Insulator Layer 

72 Opening 

73 Lower Electrode 
75 Up Electrode 
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[Drawing 4] 
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